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= (54) Title: AMORPHOUS CARBON FILM, PROCESS FOR PRODUCING THE SAME AND AMORPHOUS CARBON FILM- 
COATED MATERIAL 

= (54) sew©* »: MM«i, *9>tkitiigii5iiVMim*m*mto*t 

^= (57) Abstract: It is intended to provide an amorphous carbon film having a high adhesiveness, a high rub-fastness and a high dure- 
ss bility. An amorphous carbon film having a density of 2.8 to 3.3 g/cm 3 which preferably has a spin density of 1x10" to lxlO 21 
== spins/cm 3 , a carbon concentration of 99.5% by atom or more, a hydrogen concentration of 0.5% by atom or less, a rare gas element 
55 concentration of 0.5% by atom or less and a Knoop hardness of from 3000 to 7000. The adhesiveness of the above film is improved 
by forming a mixture layer, which is made up of a host material together with one or more members selected from among B, Al, 
T>. v . Cr, Zr, Nb, Mo, Hf, Ta and W and has a thickness of from 0.5 nm to 10 nm, and providing an amorphous carbon film on the 
= mixture layer or on a metallic intermediate layer formed on the mixture layer. This amorphous carbon film is synthesized starting 
=== wi'* 1 so '' d carbon by the sputtering method, the cathode arc ion plating method or the laser abrasion method. 
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rH £*T, %#*7G*i8/£# 0.5 m ^%£TF> *—7m&& 3000~7000 X*h%Zk 
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mmm 

*V ir^ ^ KJRtt, —mz 7>(7*^h CVD -r-f i? d XV CVD jfe 

20 K#5t&£*Lfc@tfffea*#.b*x* 0 1333cm- 1 #ifi^^V 

tt, ^dlS:R!ftUfe|iaiaoatLV^ffi^^5 0 #»tttt % ;*-:/$!^9000W±. 
«£tt3. 51g/cm 3 ^JLT»fc3 0 

25 #{2 500°CJ^T(D^T\ ^#(1 1000TlSL±.<DmiUT~&&£tlZ> o 

fy^T^ h<D&&mmiZ. A^i^wMilTfeS, 200 ETF£ 

#^*T|fe«T\ ^Sfi^2.25g/cm 3 T*fcS 0 

mk<D<pm%tJ:irh<DktSthX\,^Z> 0 
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tmte-rztK ^Tfrh&j&m.m* 4oo 9 csxTti&\,^k&&m-rz>o —met* 
2oo o ca^?6^^TT'-a-fife$tL5 ^ t ft&w cvd ^^v-m* 

*U 7-vV^)t^T-fi, 1300- 1600cm 1 ^i-ifi^JEV^t"-^ £W4-ftpofc#3g& 

Mtfctt, — JK^ttTK** 10~50at%aS-a ^ UT*5 19 . 5-58068 

15 ± £ -fr 5 ft <!f <D g ftT'Tk ^T* £r3£~ 10at%a^ * T?fl£T $*fct)©t> {§& $ 
tLT*3 19 N #HHSp 3-158455 9-128708 ^-^(^fiTK^WS^iC 

20 fc»iT,5fcJi\ JRt»^#^5c*^«t9ii*tl5. TO 2000-80473 ^ 

^O^teKMLTf^ J* — ^JlSfi— »^ 1000~2000s 3&gf± 1.5~2.5g/cm 3 
^j£V^|SfflSrWi-S„ 0»J;ifcf % #5B¥ 9-128708 m&. 1.5~2.2g/cm 3 

25 CDt>O^^$4xTV>5 0 

ft^M\^mumm^^mm*mA^zzkxmm&zfa±£&zxmmmm 
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Mz.i*s 1444896 #t£f±. mmm.mtmmt<Dm^ mmmmm4a s 

5 £fc, 1940883 ^tt, #-#>1K«B&£&JRfl:tt£ OIW^. Cr. Ti & 

±#tt5TIi, Si-*fcf± Ge £ 5 _U1?> 2jf ^(b&S^fflJI&SM 

tfcftW, 2628595 ^-('fi, Co, Cr, Ni ^^JS^fcfl^Sr^^ii £ UT^ 
10 ir^> K^* — aK^Sr^a-rs^s^^ixT*??) N ^WJiOilfffi 10nm~100 

«fBB¥ 8-232067 T*f3\ tfjSSOSgt «£ D BH4tf*;*:t V^WIi«r 1 «^±K!tt5^ 

11-49506 "Cft, Sfr«r^i-^JR©^b«b«r^tt«t»ra«S:^UT 

z.<D&7b\ mm 2000-87218 -eta, 0^mmmmt mtt<DRmtzmttMf&7zm 
hft&mmmwmj&jtmhfrbtezM-z io-sooa^m^, fc5v>« N mum 

mmmj&7t,m t &M,mmmmmf&7tm t 10-500 a©m 

25 V^£&ifT*$>5 0 

^ 0 B 0#^m^-^^^-^^{i, mft(D «t 5 1000-2000 -CfcSo 
^t^V KO^— ^M^I 9000 E*±icatu 1/10 *>b l/5-efc5o <Nme 

ifTf»^ 2000 u±zm7FVX\,^z>h<Dh3bZ&. 2SB£te«l£as 2000 
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rv^v^*t#x.e > tu5o ^MfcK&*«<0*«*WWSI&ttW\ 350°C 

*1\ £Mfc** Pali! £/BV^*§£n ^g{l»S^^L^<V^S*SfcS. fei* 

15 ^3c5£t£tfSig-?- 0 

Si^ Ge {i^K^m^^Ult^^Lfc^tt^C^^S^^W 

fsfc, *i!fcK«*««[flHC>Tlfi:^*Si«v^|tW"e*)5. 4»nJf fcijfittSr 

20 ;fi?n£^5aiig£i^^fc^3^<£^ 

25 ^ti^tmm\mMmm(Dmm^±^^m^m^i-f^mm^^9yT-c b<t-r 

&MiMi%mmteitm&m&x&umm£ti%fz.tb, —nBtmz&fB&& 
M^k\t^t>tizm*&t>it&mm+ztz:ttx-ftftmx-<D+^ 
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x.?5ftihz> 0 m^\^%-^m.m.x 9000 u-t, mm&i>&£kmfemj:<Qmfrz> 0 
^n«^ 7oo°c^±iris;v^fca6, ^mmun^mm^m^mmm^mm^h 

10 

15 T-fc 5, *V > KfiJiSSK-eife !K « £ tt fc* 5/# — *fiS5g-?Jfo 9000 £LtT' 

^£&3„ ^i^aiWWCtt, y-Tir^V KT-fi 1333cm- 1 f«{-^ K 
«jtl-^i-5^V^-^36Sae>tl/S.^^'^S»^*IR-Ctt, 1350cm 1 fti£«t 
20 1550cm" 1 fl-jSKSH — 2 BT cm" 1 <D/£l> ^fflPatSr^i-„ JS$r^te, ^-V^^ 

^V-^r^e^ Ktt 700°CJ^±-^^tt 800°C^)^ 1000°CJ^±T&5^ N 
IKtt 450°CJ^T> — Jt£im200 o CJ^TT*fo5 o K<7>^^fi 
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( 1 ) 2.8g/cm 3 £l_L 3.3 g/cm 3 ^TT'ib5i t ^Wmt-t 5^ B B fj^ilj| 0 

5 ( 2 ) * fc° i x 10 18 spins/cm 3 J£*± 1 X 10 21 spins/cm 3 {^TT'fc 

mt-tz>±.m (i) ^^ B B B ®^*mo 

( 3 )&k&9k&& 99.5at%£t_h,7K*2S^ 0.5at%J^T^#*7G§ft#S^ 0.5at% 
gTT'fc5ri^#fif5±ffi (1) Xte (2) ^fSm^^S^^o 

(4) mwmzmm7tmn&fribj&f&£tiT\,^z. tzwrnt-tztm en a> 

10 (3) (OV^tb75^Cffl«(D^ H B H K^m/lfo 

(5) J* -^iS 3000 J^_k 7000 ^TT*fe?>r <tSr#m«ti-6±ffl (1) tf>fb 

(4) ©V^^ifcffi*©**^*!*,, 

(6) m&mmz. mtk, B. A!, TL V. Ci\ Zr N NK M<k Hf, Ta. W<D 
^frhMl*tltzin&>±.<DVoWtfrtbti:Z>,m£ 0.5nm.£Uh lOnm UT<D 

(7) mWbftmmmmmtfDfflltZ B, Al, Tu V> Cr, Zr, NK Mo, Hf, Ta, 
W <Dtpfrbm&tlti 1 n$k±.(DWg.frbt£Z>W-&& 0.5nm J^± lOnm 

20 $ o.5nmj^_L lOnm uT<Dm&m&hzm*&®.k-$-?>&M 1 mmmm 0 

(8) ^^ir^r^s^sr-a-^fcff^^ lonm^Tx^z ^tzwrnt-tzm 

IS (7) IE«^^ B B H ®^^Ho 

(9) ^^<^ff$/55 0.5nml^±5nm^TT*fc5r iSr^m^-rSBfilE (6) 

~ (8) ^mm(D^mmmm 0 
25 do) m&mtitctem&mk^fflm^titiz¥®mmmm& iat%e*T-e& 
5- t^#m<bi-5BiiiE (6) ~ o) ^mmcD^K^mm. 
(id mm (i) ~ (5) <z)v^-r^^7)^ H B H s^mm^-fcv^T, mut^^m 
mmmt<DRm&ntiu (6) ~ do) (D\,^-fthfrx&>z>zk&<ftmt 



7 



(1 2) xs<v?m&tcfc* KT-^-T ^-^W— r-f ^^m^fcfi if 

•c*^ B B f ^il^f^^ p r i mm (i) ri>e>(i l) 

5 (13) * K7^^>f t^i/-r>f v^fctiu- f-7^u-*>3 v 

i£T\ ^^H^^^L, 0.05Pa ^TO#ffl^TT% *3(S3: 

5r<bSr#HS[t-t-5Buia (1) frb (1 l) ©v^MM^IBftO^JUt. 

10 (i4) m&m, &ftttm&mk r Pfflm&. -f^yftAft, ^xycvd^ 

#y— kt— ^-r^v^u— -:^ifc N if— t:/^ 

(12) &1ttZ (13) IE«©*Aft^*JK©»Ijg^ifeo 

(15) s-a-ji, &tiizm&mttpmm%. -ftyaA^ ^^cvds, 

TMtSi £«:<RMS£-f-5lffifE (12) £fcte (13) SEtt<7>#i&« 

(16) fiulE (1) fab (1 1) ©V^nA>^iB«i©*iftK^*fll*SttE«$ttT 

(i 7) huib (i 2) - (l 5) (D\,^tifr(D%mx*Mmztitc#Miwmmms 

±m<D*&w<D#ghmi%mmte. mm&m<. mm&&&>*). mmmm^h 

25 h & b<D^mm(D^m^mmmm tmtz&tut mmm t wa 
ttfcW-^So »AttJ^M-t>> i^-cfcfttf, §jfiije«:<^(S«, ahim<e> 

«^«rt6t^s 0 *# H m£t*Jiiite, ±12 (i 2), (i 3) o^-c&Bt-rsr 
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5 *#£kmmmmte. mm (D 5 k\ 2.8g/cm 3 j£Ji± 3.3 g/cm 3 
sirasr t *mm.t-fz> 0 y^^^^ V(omm% 3.529g/cm 3 T*fc 9 % ^o- 

*T'-f(D#^f^iI©aStt, 1.5 2.5g/cm 3 SST*fe5o #3BW©#A 
fO^HHte. mbO^P^^cD^^W-rat^-efc^o 2.8 g/cm 3 ;*: 

*T»4+^*»JIM4^»fll«* s #e>tti", «fft 3.3 g/cm 3 *jgxiStiji:5 < t;oM¥- 

Htt«(Ol^A^> 2.9g/cm 3 W_L 3.2 g/cm 3 ^Tt^?. n <b^J: t) & * L 

*#AfO£fftJIfl^ fiufB (2) 1S*4<D<£5^ * t° ^gftfS ix 10 18 spins/cm 3 
1 x 10 2 W 3 spins/cm 3 J^TT'& 5 bV\ * fcT^flMti: tt, 

spins/cm 3 aTT^<9.^^r £tt^ftJBf(-? 1 lBfc:o#jf& 5 . 7 x l 0" 7 ^^T<D^ 

^^$,5: <t&^-r 0 *3&w<D#&itmmm*. xt°^mm& ixio 18 

spins/cm 3 J^± 1 X 10 21 spins/cm 3 KT^fcS - £ L < „ ^(D~b 

20 3.Og/cm 3 <7)m^^^0^ l|BI:o^6.7X 10" 6 J^_L 6.7 X 10-*««T©^«-« 

*&HMfc:ttU IX 10 18 spins/cm 3 ^igU^V^^^KJ^*JlI{^S' 0 C 

<^S^i¥<^V^5^S^ E -T^^^g|t-efe'9$f*L<^V\ ^t°>-a^ixio 21 
spins/cm 3 l^tf^HKIIlt ^mT-^#< s -t-^^)* J ^^#<^«9 N 

mMfrb, *mw<D0&mmmmi±xt°>mm ixio 19 spins/cm 3 sxio 20 

spins/cm 3 «t «9 £?S LV\ 

^Aff^JKA. SMB. (3) fB«0>«fc5te. 99.5at%^±, tK* 

0.5at%WT. *^5c*»^so.5at%^T-eife5rtd50*LV\ 
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^Pfe^^, i»fgTt5©T*tb<^v\ fcmmmtf o.5at%&@ 

15 ■ iittWL^L<^V\ 

tstiX^Z>^t$mti^\ -fjfc^^ s HulS (3) 3fit?v>5***^*BIS:*e> 

^MiKfemmn, mm (5) ie^j;?^ :/®s&as 3000 7000 

3000 £iLfc-e*>3r <t^W* LV\ — >fr % ^-^1^7000 

£r-W5*— ^fiE^tt, Si £^N±tefl|ff 1.0Mm^± 2.0^m£tT©IR)|-e 
*£SLfc^ 0 %W£*3?fIfl£. 50 g 100g^T-ea!l^Ufc<b#(7^tt«b-r-5o 
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mm& o.4~i.o n m<Dm-&^n.mnt lt^-^s 2000 u± 6000 uTtm 
x*i>mj£&nfmx*foz> 0 *3$&nfemm<D?j->- 5 y^mmn^ ^ 3000- 

HOOOGPa (D^m tteZ> 0 

5 &#£kmi%mfmte. mm (6) lem^iM-, mt*®^, b, ai, 

TU V, Cr, Zr, Nb, Mo, Hf, Ta, W (D^frbMlttlti 1 Sa±Ofef <b A»b 
&<5, J¥£ 0.5nmJ^± 10nmJEilTO«B^»*^rit$*b, t<D±.M t-^S^^JH 

etttt^^tf^rasttx «»jx.«r#M 5 P 11-49506 fc^tfesas* 

10 #^fi, *r©J¥$;6S 0.5nm a>f> lOnm £ #ffTte:i*V^£ , IWiiH^I?^ 
15 /t*©±ISdS 10nm-efe5 o 0.5nm jkilS-Cttil^S ^T® £ LT# 

cvd St-c^RKflsv^wM r^^m h&mtfPc*i&m-fz> ^txh 

-W-V\, j^*ir<7)^^t4^^#^tb5W4^ LT, B, Al, Ti, V, Cr, Zr, Nb, 
Mo, Hf, Ta, Wtim^XhZ> 0 ~thb<D<pXk. #^ TL V, Cr^£?£Ll\, 
-^:^-#B B BK^mmi:^DalPt^^HS<^V^^tb5 Si, Ge fi^Mi^l Wlffl L 

ft*5. »V^^e<Sr^-t-S^tt, #IW 2000-87218 Klj^tjf Jig £fc 
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Al x Ti\ V, Cr, Zr N Nb, Mo, Hf, Ta, W tf>f frt>Mt£tltz- 1 mSlAKDVoMfr 
bte&m&tf 0.5nm J^± lOnm UTXfo £ <£P^J1 £W L N tpPfl® OS*t#J^-»# 
t ^mmUfA £ ri> <b ft 5 J¥ £ 0.5nm J£*± lOnm &IT©I^1 it h 5 LA \ 

^ lOnmJ^TT^^HiflS (7) fBtt©^K^HI0|-e*)5 r i*5$ LV\ 

io *ft&Kfcmmte. mm o) iB«©«t5»-v sfrna (6) ~ (8) <D%mz.ts 
\^&tiz>¥-%3mmm&& iat%&LTx&z>ww.&^\ z.zx*^5m&m& 

0,5at%WT^J;V\ 

±5BLfcll^Jg N ^raS^ff^F-^laj^tt, TEMPTED, EDX, SIMS, AES, 

20 xps * ^t*^*tt*# s„ m&m&titem&m t ^mm^^ftzmmm 

m£nmwzk*ffim<D£\,^vr$m&z> 0 ^<ou^ aes src^s^^Lft 
25 mMf&Tum. »tfmf&n.mxfoz> 0 q^m u&mxn, ^mmuwiu^tD^- 

r^^^&fi, XPS t?t>l^«t?ifoSo SIMS' T?f±\ &b^D£> AES XPS 
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*0&m%mmte. mm (i i) nm<o&*>iz. mm en ~ (5) o^-rtL 

J&^^iftft&JWBIteas^-C, »tt<k^B®^mMi:©#ffi^flffl2 (6) ~ (10) 
**Ufcrt?^*r«SirsSb**s»|^-c$5^ % fttrlS (l) ~ (5) o^ak^ii 

io^mifo^o ^tL^HJig-rs/c*^ (6) ~ (10) ©Wil^lfflL 

3000 u±<D#mmi%mm^*mmzmm-irz>t, n^mmtmmx^ 
*#Mimmmm^ mm (12) isicoj;?^ ^/-?^^fe*fc«^y-KT 

m^Exn^^^<M$^Tv>^^ H e B Kmmm<7)^fi. ^x-v cvd 
*&&'%mmmttL. mm (13) mm<D£?\^ uy—FT—fjx-^u— 

0.05Pa^T^#H^TT\7Km*fc(i^r^f^^tf^^^#IS^^*A^-r^^ 
fc<s 5„ #ffi^ 0.05Pa £<9*£v^ £ 
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5 ^^t^w =r4 ^^m. u— ^—ry ^—V'B i^m-vat. &m7umtem&m 
*^ B H H «^*mfi, Mta (15) teg^j;?^ ^fcte^s^^ 

io Jl£, ^ftyftAfev ^x-^cvDfe #y-KT— ^^v:/ 

*#£kWI%mmn. SfifB (l 6). (l 7) ffiiteoj;?^ flJE(l) - (11) 

15 <^V^-r^^fBm^^«J^*m^S^n^W, HUffl (12) ~ (15) <D 

mmzmfrtch(Dttj:z> 0 m&ma^ ij^ &m&m, mtom&. mu-m^- 

20 mmrn 
(mmmi) 

mmi-tcf&imjj&n, /7xv cvd ^ u— r-ryv-v-a:^ #y- 
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7 ^ 7 ^ ^ h cvd fex-n, i%* ^ ^ N 99%7km&wMt Lxmm bfc w ^ 

■vf ^ p^S CVD jfeT-fi, 1%^ ^ ^ 99%7K^^^<b bTiSffl bfc„ 2.45GH 

io z<d^4 ? v$ix* ? ^RtfAmz'Mzzit. mm±^^-y^>^m^mm^ 

20 ScT?i*tfJ bfc 0 • tK* ■ ##*7G3fc«£KJu SIMS. HFS V RBS bT 

mm b/c 0 ttmh:, #s 50 g -ztcn ioo g -es&^&fTofc,, mm&rmte 
urn*, mn&iz.xjzm.'pximm u gf^aft^i^wftwrbfcfctm*^ 
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*1 





&m 

(g/cm 3 ) 


mmi&Tmte 
ilk (C) 






\ C) 




1.1 


2.28 


380 


1400 




200 


MMM 


1.1 


2.85 


490 


2200 




180 


mmm 


1.2 


3.09 


530 


3900 




220 




1.2 


3.5 


600J^± 






1100 



2 





(spins/cm 3 ) 


urn CO 


^-^mm 


mm 


CO 




1.3 


2.5E+16 


600J^Jh 






950 


mmm 


1.3 


5.0E+19 


560 


4500 




190 


mmm 


1.4 


7.9E+20 


520 


3800 


if— 

77 v-3 Vj£ 


230 


umm 


1.4 


6.0E+21 


410 


1600 




220 



S3 





mm 


mm 


mm 


mm&T 

CO 


mm 


mm \ 


(°C) 




1.5 


68at% 


31at% 


0.5at% 


370 
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220 
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99.5at% 
U± 


0.5at% 


0.5at% 


480 


2600 
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1.6 


99.5at% 

U-t 


0.5at% 


0.5at% 


510 


3600 




180 


MMM 


1.7 


99.5at% 


800ppm 


5ppm 


580 


4900 


• w-if- 


220 


MMM 


1.8 


99.5at% 
U± 


5ppm 


50ppm 


580 


5100 


77U->3 


180 


MMM 


1.9 


99.5at% 


5ppm 


5ppm 


580 


5300 




230 
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5 (H«ij2) 

&wm*'*y mm^mw^^mmm^m^m 

10 mX»m&A<DttmU$k%nMLtc 0 \f^\z\t^m R3mm CD SUJ2 £ N * 
^^«^ H B 0 «^^lii^«aLfc^^^^^^ffl L, ffiM ION, 0i|£ig£ 
lOOmm/sec, f itli^Ii: L/c c x X ? (Dm^.A^mMmXitm 

y ^ • ■ ^ w- b * ^ y<Dmmmnmm.mxw^mm^mm L-tc 0 

15 *g3Mtf<D y 50mm O SUJ2 £\ "7° — h (C^ H B 0 ^^^^ Lfcjg 

W^V ^?'&m$KtSl£Xmm.%ftifc 0 fc*3 N #fi50N, 3000mm/sec, 
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^/h^u^ mm^m^^t\ mmmmm< mt^mzmtizz. t^^^ 0 
&$?sl/c 0 mm^tc&Mimmmmz, mm 3.ii g /cm\ ^\?^mm 2.0 x 

10 20 spins/cm\ femmg. 99. 9at%J^ ±X7kB *7cl?2«fi HFS/RBS <D&i 

^it,/7Xv cvd mx^ B mmmm(Dmmhn^tc 0 ^simi*. mm 

10 2.05g/cm\ * t°^\K2.5X10 21 spins/cm\ fem^M 71at%, TklfM 27at%, 
%#*5£itit^0.5at%J^T. ;2--7°SfS 1500T?&5 o 

15 l^ii:/j;</j:ct^f: 0 

(H«!]4) . 

mmm 3 ©2Sio^iin mai^sdkii §^-e^ A^^itm^ 

25 t£&7^Lfco 
WJ5) 
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-7=7 cvd fe<7)^ H B B ®j^*fll^^S bfc h v y y^fi, i R#iai©;fefTS*Sfe 

w ^ym<D#&%mmm*w& Ltc v >- y ^-ett, 500 u^o^m*®^ 

5 

(H MM 6 ) 

10 -yrT^^II Lfc^^Kj^^fi, 3.05g/cm\ * V^mm 4X 10 20 spins/cm 3 , 

mmmm 99. 5at%£k±, *mmmkfttfx5umwkm& 5ppm&,Ts 

4500 £#fc 0 -^7^d>^ lOmTorr LT^S Ufc^Kj^mJlf f*. M 
2.44g/cm 3 , *t°:/^3X10 21 spins/cm\ ]^|?^ 99.5at%J£*±. ##*7u|t 
M 0.5at%WT> X—y>mm& 1800 i: &o tc a Z-iih^&m* Al ^^fctt 

15 K y MzSm. LT#^^P-<fc ffi%nm%<D 5 «*±£>#1^# btbfc 

^(-s W-lf-T;/ Vjfe-em^^ o.003Pa T^^^^^r^AW 
^J&flfl ^tzlt&mmmWkte, mm. 3.13g/cm\ * t°y^g 6.2 x 10 20 spins/cm 3 N 
J^^« 99.5at%J^_b. *iMtf^^5uifg^ 5ppmJ^T\ 
3800 &#fc 0 -^TK^^^^r lOmlbrr ^ALT^SLyc^ B ®^H«, ®S 

20 2.20g/cm\ X if^&Bt 2 X 10 21 spinsZcm 3 , j^f{f?M 94at%, tKHIM 6at%, 
^-^J!^^ 1600 <tftofc 0 ^tLt^IIS:^^^^i=s^^tB^M^® 

(H«<J7) 

25 x^isu ^r^v^ mm&&. T/is^-t. v^t^t, mt^m 

B, Al f»«i§^^ h n y*/-?;y ^ y ^feT\ Ti, V, Cr «|^@T-^ 
-T^-^^l/-^^ y^t\ Zr, Nbs Mo (i^^->-a£AfeT5\ Hf, Ta, W ^ 
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25 £*R±K:ff$ 1 Onm CO Mo * BUJf UT^Kj^mil^S Lfc fcofc.o^ 
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5 (HJfc^J 8 ) 

B, Alfilx— if-T-7 > V-v- 3 V?£T\ Ti, Zr, Hf tt^^irM^^ h a 

V >7'feX\ V, Nb, Tafi^^-^^A?fe-C\ Cr, Mo, WnmBT—?4 

10 ^T^-vM ^ymx~fr&i,tz. 0 
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m&&v-rfrs a«±^ff$ 1 onm cornet >*mm&ifrvx#£hmi%mim 
^mmmm^M^^u^mRw^w^m^tc^m^mm(Dmm^x(Dmm(D 

Jfc4\ $6l:llUc 0 
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(H«>J i o ) 

X:M«£*t±te«* OS! $ <P#ifiSCj^3lf BSSrJICT 1.5 ju mfti Lfc 0 Cr ^ 
Jf 2nm, Cr <f>flE|JB 2nm 4><D £: Si 2nm N Si ^Jf 2nm SrW-r 

15 fifeHH^ 8 
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I . 2.8g/cm 3 U± 3.3 g/cm 3 J^TT'fc 5 r <t £#iS[ £ "T 5 #.f B fO*itjg| 0 

2 . ^ tTi^&a* ix 10 18 spins/cm 3 ^Jb 1 X 10 21 spins/cm 3 £*TT*&<5 ^ t *m 

3 . 99.5at%£X±.7kmmi&& 0.5at%J^T,^r^^7C*M^ 0.5at% 

10 5. ^-^S^3000W±7000^TT'fc5^ «t^#mi:-r6M*JSl~4(D 

6. flrfl-^BffKU Stti:, B, Al, Ti s V, Cr. Zr, Nb, Mo, Hf, Ta, W <D 
^frbm&tlfrim^±<D!®)mbfrbteZ),m.£ 0.5nm£A± lOnm £AT©*l-£e 

15 mim* 

7. mXbit&m.mmWkt (om^ B. Al, Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, 
W (D^A>bm&tLlt in&s±<DtfaW7b>t>tj:Z>m-Z& 0.5nmSX± lOnm £*TT?2fc 

s^rassr^ru tpmmvmtmz. mut^mmunt^h^^m^ o.5nmj^ 

9 . ?l-£Jl©ff 0.5nm J^± 5nm JilTtfcSr t ^WLt-T^m^m 6 ~ 
8 raiKcD^K^irJIflo 

10. fi^JI*fcf±j!R^jBi:«f»IHIJi^*tL5spi&aft3(5jftft*« lat%JEATT'£> 
25 Sit ^^<3r-rSlf^JS 6-9 ^!E1ffi©# H B H «^StJlfl 0 

I I . nmm i ~ 5 <0\,^hfr<D#&nm*m\z*3^x, mut^mmmm 
t (Dwmnmm 6 ~ 1 o ©vvf *ua»t?«fc5 £ ^ sr#m^ -rs^K^JBio 
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*fcT\ fiK&«:B#&*£ U JC^g 0.05Pa ^TO#ffl^TT\ 

m&m i~ii ^vN-r^^cia«^^^«^^JH^Mit^ife 0 

14. ^fcfi^Sir^ilSr, -ft^A^ ^XyCVD^ 

10 1 3 ^I5«W^^KM^)llOM^feo 

1 5. «B^S. ^fcfim^S^'f'FflSSr. ^tyftAfev ^XvCVDfe 

is i6. w^jsi~i i ov^-rti^-iEic^^s^^iii^a^tiTv^^r t 



28 



2. 8-3. 3 g /cm 3 t'j5?.# H B B f^«'JboT, mmmn* i 

5 X 10 18 ~1 X 10 2, spins/cm\ fcj&9k&tfi 99. 5 m*%&>±. zk* 0. 5 J%+%U 

T> ##;*5£3!l»£a s 0. 5 I^%»T, ja—^iSftas 3000-7000 "CfcS - £ a*£f 
*LV\, B, Al, Ti, V, Cr\ Zr N Nb x Mo, Hf. Ta. W <D*p7b*b&t£tl1t 1 

U&>±<Dtoft 0.5nma_h> 10nm WTOS^iSrf fife U *<DtB& 



